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Abstract
Closing the gap in cancer care within low- and middle-income countries and in indigenous and geographically isolated populations in high-income countries
requires investment and innovation. This is particularly true for radiotherapy, for which the global disparity is one of the largest in healthcare today. New
models and paradigms and non-traditional collaborations have been proposed to improve global equity in cancer control. We describe recent initiatives from
within the radiation oncology community to increase access to treatment, build the low- and middle-income countries’ radiation oncology workforce, mobilise
more professionals from within high-income countries and raise awareness of the global need for equitable cancer care.
 2016 The Royal College of Radiologists. Published by Elsevier Ltd. All rights reserved.
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Statement of Search Strategies Used and
Sources of Information
This article was written in collaboration with radiation
oncologists working within global health settings and
reﬂect expert opinion. No formal search strategy was
employed.
Introduction
Low- andmiddle-income countries (LMICs) are estimated
to have only 5% of cancer care resources, yet account for 80%
of the disability-adjusted life-years lost to cancer [1].
Although radiotherapy is one of the essential cancer treat-
ment modalities used in more than half of all cancer cases in
high-income countries (HICs), over 90% of individuals in
low-income countries have no access to radiotherapy [2,3].
Even in resource-rich countries, radiotherapy and other
specialised oncological services are typically concentrated in
large urban settings, leaving populations living in rural or
remote settings vulnerable to cancer disparities [4e7].
As we begin to develop evidence to support long-term
investment in radiotherapy for LMICs [8], we must also
carefully consider the long-term sustainability of physical
and human capital required by radiotherapy programmes in
resource-limited regions. This includes developing and
supporting global initiatives that have been created to
engage with non-governmental organisations (NGOs),
governments, industry partners and academic institutions.
Here we describe current efforts to sustainably foster
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medical expertise and robust radiotherapy centres in LMICs
and remote areas of HICs. We review the existing challenges
to mobilising expertise and resources to these regions and
highlight potential innovative solutions.
Mobilising the Radiation Oncology
Community
Unsubstantiated assumptions about the affordability and
feasibility of radiotherapy in low resource settings have
severely limited efforts to improve access. For this reason, the
Board of theUnion for International Cancer Control convened
the Global Task Force on Radiotherapy for Cancer Control
(GTFRCC) in 2013 to raise awareness about the dramatic in-
equalities in radiotherapy access and to develop an economic
platform to support national and international investment.
The GTFRCC published a report in Lancet Oncology in 2015
that detailed the demand for radiotherapy, the cost of
building infrastructure and training professionals to deliver
radiotherapy, and the ﬁnancial return on investment at a
macroeconomic level [8]. This reportwas the culminationof a
collaborative effort of over 100 experts from around the
world across radiotherapy, industry, cancer control and eco-
nomics. Building on themomentum generated by the report,
the European Society for Radiation Oncology (ESTRO) is
developing a global partnership of organisations to continue
to work on improving radiotherapy investment in LMICs.
One of the Calls to Action in the GTFRCC report was for
7500 radiation oncologists, 20 000 radiation therapists and
6000 medical physicists to be trained for LMICs by the year
2025. Accomplishing this will require a creative and sub-
stantial multipronged effort, a research and implementa-
tion challenge as signiﬁcant as that of the more classical
academic research tracks. At present, many LMICs lack
appropriate education and training programmes and do not
have the expertise, resources or personnel to provide
practical on-the-job training. Success in the creation of an
educational programme to develop a trained workforce will
require collaboration among international, national,
regional, local and NGOs [9].
Global Health as a Career Path in Radiation
Oncology
It isyetunclearhowLMICswillﬁndeducators to trainmore
radiationoncologists, physicists and radiation therapists toﬁll
this important need. Althoughmany retiringoncologists have
devoted their post-practice years to this calling, the clinical
and ﬁnancial demands on thosewho are still in practice often
preclude dedicated global health work. Furthermore, despite
growing interest among oncologists, global oncology is still
not well recognised and supported as a career path [10]. As a
result, the engagement of trainees and early career faculty in
resource-poor settings has often been limited to self-funded,
small-scale projects. This model of global health work in
largely uncoordinated single-person silos during ‘free time’ is
minimally effective and not sustainable.
‘Value’ in HIC oncology departments has traditionally
been quantiﬁed by revenue and research generation. Yet,
growing recognition of the global inequities in cancer care
resources has led many to reconsider how to support and
assign ‘value’ to radiation oncologists addressing this
important problem. Academic centres with global health
departments are now beginning to pursuemultidisciplinary
partnerships to make sustainable and impactful contribu-
tions. One such example is University of Pennsylvania’s
commitment to support one of their staff radiation oncol-
ogists to work full-time with the local team at Princess
Marina Hospital in Botswana to develop oncology research,
teaching and clinical care infrastructure.
Academic careers in global oncology have expanded to
ﬁelds such as implementation science, care coordination,
epidemiology, cancer biology and the development of low
cost and point-of-care interventions. This work can be
partially carried out on the ground in LMICs or may take
place remotelywhenpersonal or professional commitments
do not allow such time away from the home base. Faculty
members who are on the ground in locations distant from
their home site require professional support, which may
occur through telemedicine access, case review, data man-
agement and statistical resources, remote didactic lectures,
and multidisciplinary input on training plan protocols and
care guidelines. A more robust academic approach, with
quantiﬁcation and publication of ﬁndings, will help build an
evidence base that can be more broadly appreciated.
Opportunities for trainees to engage in global health are
also expanding. The Global Health Rotation Initiative was
launched in 2015 by US and Canadian radiation oncology
residents to facilitate international educational exchanges
for trainees [11]. A database of global radiation oncology
organisations with resident elective opportunities is hosted
on the online radiotherapy community website, www.
globalrt.org [30]. Radiation oncology residents can rotate
at diverse sites. For example, the Christie NHS Foundation
Trust in Manchester, UK, the Cancer Diseases Hospital in
Lusaka, Zambia and Walking Forward, which works with
indigenous populations in the USA.
Partnerships to Improve Training within
Low- and Middle-income Countries
The development of educational initiatives within LMICs
has also been gaining momentum. For many years, the In-
ternational Education Subcommittee of the American Soci-
ety for Radiation Oncology (ASTRO) has run an eContouring
Ambassador Initiative programme in which designated ex-
perts coach others on how to delineate organs and tumours
on three-dimensional images [12]. Varian’s educational
programme, ‘Access to Care’, prepares staff to operate the
equipment that their respective centres have acquired [13].
Varian isnowestablishingmultiple training sites throughout
the African continent and individual projects have been
implemented with the goal of training the workforce in
LMICs. A pilot curriculum for institutions transitioning from
two-dimensional to three-dimensional breast conformal
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radiation therapy has been successfully implemented in
Armenia andwill also be launched in Gabon [14]. The Global
Radiation Oncology Collaboration in Education (GRaCE) is
another example of an international collaboration to
formally establish basic competency goals for radiation
oncology training that may one day include LMICs [15].
Although much of the focus has been on increasing the
physician and radiation technician training, Medical Physics
forWorld Beneﬁt (MPWB, formerly calledMedical Physicists
Without Borders) is an altruistic NGO established to support
the effective and safe use of physics and technologies in
medicine [16,17]. This is accomplished through advising,
training, demonstrating and/or participating in medical
physics-related activities and developing partnerships and
relationships to support speciﬁc individual cancer pro-
grammes in LMICs. For example, MPWB may offer on-the-
job training or help to support medical physics masters de-
gree programmes in LMICs. MPWB is a young organisation
incorporated in Canada in 2015 and in the USA in 2016, with
its recent activities outlined in Appendix Table A1.
Mentorship: the International Cancer
Expert Corps
One of the largest concerted efforts to establish sustain-
able trainingandmentorship relationshipsbetweenHICsand
LMICs is the International Cancer Expert Corps (ICEC). The
ICEC is a not-for-proﬁt NGO whose goal is to implement a
sustainable global health career path from trainee to retiree,
working with academic institutions, professional societies
and dedicated individuals [18]. To expand global network
capacity, ICEC accesses human resources that might other-
wise be lost. This includes altruistic, globally oriented young
leaders, senior retirees with decades of experience, private
practitioners and mid-career academicians.
The ICEC model builds on existing global health pro-
grammes by providing sustainable mentorship from experts
in hubs to associates in ICEC centres in LMICs and in under-
served regions inHICs [19].Hubs are academic cancer centres,
practices and professional organisations that provide exper-
tise and infrastructure. The initial expert/hub to associate/
centre pairings are built from pre-existing ‘twinning’ re-
lationships. Each ICEC centre in the LMICs has a principal
investigatorwhose teamismentoredbyamultinational cadre
of experts. Mentorship is based on formal guideline and
protocol-based care. When an ICEC centre passes a quality
assurance review,whichmay take years, itwill have the skills
tomanage cancerby internationallyacceptable standards and
become regional and global centres of excellence. In addition
to mentorementee in-country on-site visits, consistent
mentoring is accomplished through recurring weekly tele-
conferences. This avoids the pattern of periodic visitswith big
gaps inbetween and allows a global health career toﬁtwithin
a typical workweek. By encouraging individual programmes
tomaintain their identity while working together as part of a
global team with standardised policies, procedures and
metrics, the model is self-propagating and could ﬁll the
enormous personnel gap noted above.
Although only a newly formed NGO, ICEC has helped to
establish unique partnerships among experts involved with
the security of nuclear material and those interested in can-
cer care. Concern by the US Interagency Working Group on
Alternatives to High-Activity Radioactive Sources (GARS)
about the safetyof radiation resources for cancer inpolitically
unstable regions has led the James Martin Center for Non-
Proliferation to develop a new paradigm entitled ‘Treat-
ment, not Terror’ [20,21]. This includes recognising (i) the
need for cancer care to be the primary goal rather than the
removal of radiation sources (particularly cobalt-60, (ii) the
need for training personnel in the safe use of linear acceler-
ators, and (iii) the opportunity to develop high-quality linear
accelerators that are tailored for challenging environments.
International Efforts to Address the
Radiation Machine Shortfall
In addition to education andworkforce capacity building,
important and creative partnerships have also been devel-
oped to enable delivery and commissioning of new radio-
therapy equipment. There is considerable variability in
governmental regulations, medical infrastructure and abil-
ity to accommodate radiation therapy equipment across
LMICs. In 2009, the International Atomic Energy Agency
(IAEA) established the Advisory Group on Increasing Access
to Radiotherapy (AGaRT) under the Programme of Action for
Cancer Therapy (PACT). AGaRTwas created to help countries
acquire radiotherapy machines, negotiate appropriate ser-
vice contracts and to help design sustainable facilities [22].
Some organisations and institutions in HICs have been
willing to donate machines that are no longer in use to
LMICs. However, the process that must be followed for such
donations to occur has often been a barrier to timely
equipment transfer. The initial steps include identiﬁcation
of a donor site for equipment and the engagement with
industry to assist in evaluation and disassembly. Before
shipment, a recipient site must be evaluated for the ability
to safely house the donor unit, the feasibility of retroﬁtting
current bunkers for donated machines (shielding, physical
facilities, etc.), access to treatment personnel (physicians,
physicists, radiation therapists), current medical facilities,
coordination/collaboration of local government/health
ministries, and adaptations required for local electrical/
technological infrastructure. If all of these criteria are met, a
machine can be shipped, re-assembled and installed.
Commissioning the machines and creating a self-sustaining
educational/treatment infrastructure with limited re-
sources (monetary, technological, trained personnel) is a
substantial ongoing challenge.
Radiating Hope is a non-proﬁt organisation that aims to
assist with safe, effective use of equipment, supporting
onsite training of personnel, sustained remote technical
support, partnerships with medical professionals and in-
dustry, and education of local communities through global
partnerships [23]. It has also provided funds to assist with
training of personnel and assistance with creating a self-
sustaining infrastructure, in the context of limited
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resources. Over the past 6 years, Radiating Hope has
collaborated with industry and has facilitated the donation
of nine radiation teletherapy units (used/refurbished) and
one high dose rate afterloader in Guatemala, Honduras,
Madagascar, Peru, Ukraine, Senegal, Tanzania. Further de-
tails of these initiatives are outlined in Appendix Table A2.
Radiating Hope currently has one linear accelerator in
storage and is searching for a qualiﬁed recipient.
The InternationalOrganization forMedical Physics (IOMP)
also coordinates donations of treatment-related equipment
and supplies, such as treatment planning systems, imaging
systems, immobilisation devices, multileaf collimators and
ion chambers. Nearly 20 countries have received these do-
nations (www.radiatinghope.org and www.iomp.org). Indi-
vidual institutions have also supported machine donation.
For example, Istituto Scientiﬁco Romagnolo per lo Studio e la
Cura dei Tumori (IRST) in Italy donated a linear accelerator to
BugandoMedicalCentre inMwanza, Tanzania. Theyhavealso
collaborated with the hospital and local policy makers to
advance comprehensive cancer care, including prevention,
screening and education in that region [24].
‘Global Health’ Needed within High-
income Countries
In light of the growing enthusiasm to expand radio-
therapy capacity to LMICs, it is important to remember that
‘global health’ needs still exist within HICs themselves.
Stark cancer disparities are observed between the general
population and indigenous and other resource-limited
communities within HICs. Indigenous groups present with
more advanced-stage cancers and have higher rates of
cancer mortality when compared with non-indigenous
people in the same country [4e6]. Indeed, cancer is the
leading cause of premature death among the American
Inuit [25]. They are the only racial group in the USA for
which cancer death rates have not declined over the past 20
years; instead, cancer mortality rates have increased [25].
As global oncology works in parallel to address LMICs and
these vulnerable communities within HICs, we hope there
will be many opportunities for solution sharing and mutual
beneﬁt.
Indigenous people face barriers to optimal cancer care that
are similar to those faced by cancer patients in LMICs. In
resource-rich countries, radiation therapy and other speci-
alised oncological services are typically concentrated in large
urban settings, while greater proportions of indigenous peo-
ple live in rural or remote settings [4e7]. First Nations People,
Metit and Inuit living in Nunavut must travel a minimum of
2000 km by air to receive specialty care [26]. This geograph-
ical barrier and the requirements of transportation and tem-
porary housing fall are analogous to that in LMICs [27].
Efforts to better understand and address cancer disparity
within indigenous populations can serve as a model for
adapting cancer education programmes for other under-
served populations. Walking Forward is a superb example
of a multifaceted programme that was developed through
funding from the National Cancer Institute’s Cancer
Disparities Research Partnership. Through an emphasis on
cancer education, patient navigation and clinical trial
participation, Walking Forward addresses the barriers that
prevent Lakota Sioux in the region surrounding Rapid City,
South Dakota from being diagnosed with cancer at earlier
stages and achieving optimal cancer outcomes [27,28]. To
overcome deeply engrained mistrust of clinical trials,
Walking Forward works with tribal councils, develops
culturally sensitive consents, translates trial information
into Lakota, and has created local employment opportu-
nities for culturally competent staff members, many of
whom grew up and still live on the reservations. Over 2500
American Inuit had enrolled on Walking Forward research
studies [29].
Conclusion
The increased discourse on global oncological disparities,
speciﬁcally in radiotherapy, has brought a welcomed de-
mand for action. Addressing the disparities in cancer treat-
ment will require oncology leaders to identify better ways to
coordinate and support existing efforts and innovate to fulﬁl
unmet needs. Sustainable investment in education,
mentorship and global radiation oncology career paths will
serve to greatly improve the radiation oncologyworkforce in
LMICs. Multidisciplinary collaborations are needed to pro-
vide the machines and expertise needed to commission and
maintain radiotherapy units. Advances in cancer capacity
within LMICs and resource-limited regions in HICs will
hopefully serve to beneﬁt both populations. Given the many
efforts to answer the demand for action in oncological care
and radiotherapy, collaboration and mutual support among
multiple concerted efforts is necessary.
Appendix
Table A1
Recent Medical Physics for World Beneﬁt (MPWB) activities
 Zimbabwe is seeking additional expertise in support
of a new medical physics masters degree programme.
 MPWB is in discussion with University of Toronto about
the possibility of supporting an MSc project in medical
physics in Ethiopia. Ethiopia is planning to open ﬁve new
cancer centres in the next few years.
 One of our board members (Yakov Pipman) presented
at the Harvard Global Health Summit on behalf of MPWB.
 Two board members of MPWB received invitations to
participate in discussions at CERN about the
development of a low cost, modular linear accelerator.
 Discussions have been initiated with major vendors to
develop partnerships in practical ‘on-the-job’ training
programmes.
 Close communications are in progress with the
International Atomic Energy Agency regarding projects
in Zimbabwe and Jamaica.
 MPWB has been invited to be a non-government
cooperating organisation for ICARO2 (International
Conference on Advances in Radiation Oncology) in 2017.
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